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Introduction
Diabetic retinopathy (DR) is one of the most common complications of diabetes mellitus and is considered to be the leading cause of visual impairment among adults ,45 years old in the industrialized world. 1,2 Diabetic macular edema (DME) is a sight-threatening complication of DR, and its prevalence has been estimated currently to be ~6.8%, ranging from 3% in people with newly diagnosed diabetes to 28% in the population with diabetes for 20 years. 2, 3 Macular laser photocoagulation was the gold standard for the treatment of DME before the advent of anti-vascular endothelial growth factor (anti-VEGF) agents. 4 Although macular laser decreased the risk of visual loss by 50%, only ,4% of patients had improved visual acuity (VA) based on 15-letter gain after 3 years of laser therapy in the Early Treatment of Diabetic Retinopathy Study (ETDRS). 4 Currently, in the UK, anti-VEGF agents, such as ranibizumab and aflibercept, are the first-line treatment option for center-involving DME, ie, DME involving the central macula with central subfield thickness (CST) $400 μm. 5, 6 Although most recent studies have shown that as many as 40% of treated patients can achieve significant VA gains with anti-VEGF agents, there is also a significant proportion of patients who show poor or limited response to anti-VEGF treatment. 7, 8 Therefore, intravitreal steroids, such as dexamethasone drug delivery system (Ozurdex [intravitreal dexamethasone implant]; Allergan Inc., Irvine, CA, USA), have been approved for the treatment of chronic DME, which has not responded to anti-VEGF therapy.
9,10 Various studies evaluated different dosing regimens for dexamethasone intravitreal implant, but there is a great deal of uncertainty on the optimal dosing. [11] [12] [13] [14] Repeated administration of dexamethasone intravitreal implant is associated with elevated intraocular pressure (IOP) and cataract formation. 11, 15 We recently conducted the OZDRY study to compare two dosing regimens of dexamethasone intravitreal implant for chronic DME in terms of the conventional functional and anatomical outcomes of VA and retinal thickness and also to use standard questionnaire tools to explore and describe quantitatively patient-reported outcome measures (PROMs), which are infrequently reported from registration studies. The VA and retinal thickness data have been reported in a previous publication. 16 In this second report from the OZDRY study, we describe the effect of two different regimens of dexamethasone intravitreal implant therapy for DME on PROMs and some baseline predictors of changes in PROMs using specific questionnaires, ie, the Visual Function Questionnaire-25 (VFQ-25), the Retinopathy-Dependent Quality of Life (RetDQoL) questionnaire and the Retinopathy Treatment Satisfaction Questionnaire (RetTSQ).
Methods

study design
The OZDRY study is a multicenter, prospective, noninferiority, randomized, 12-month study conducted across five sites in the UK. The study aimed to compare the efficacy of five monthly fixed dosing with optical coherence tomography (OCT)-guided pro re nata (PRN) dosing of dexamethasone intravitreal implant in patients with refractory DME for a period of 12 months. In this subanalysis of the OZDRY study, we evaluated the PROMs in patients treated with dexamethasone intravitreal implant for refractory DME. The study was registered at www.ClinicalTrials.gov/ NCT01892163. The study protocol was approved by the UK Collaborative Research Ethics Committee (12/LO/1534). The principles of Good Clinical Practice were adhered throughout in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants.
study population
A total of 100 patients aged $18 years with type 1 or type 2 diabetes and DME were included in the study. The key eligibility criteria for the study eye were as follows: 1) bestcorrected ETDRS VA between 34 and 73 letters (20/200-20/40 Snellen) and 2) CST of $300 μm due to DME despite previous treatment. The exclusion criteria included: 1) macular ischemia defined as a foveal avascular zone of $1,000 μm in diameter on fluorescein angiography (performed at baseline using Spectralis HRA+OCT [Heidelberg, Germany]); 2) previous treatment for DME with macular laser within the prior 3 months, intravitreal steroids in the past 6 months or anti-VEGF therapy in the last 1 month; 3) substantial cataract that, in the opinion of the investigator, was likely to decrease the VA by three or more lines; 4) active proliferative DR requiring treatment at screening; 5) vitrectomized eyes; 6) diagnosis of glaucoma that, in the opinion of the glaucoma specialist, was at high risk of progression or ocular hypertension requiring at least one topical medication and 7) coexisting disease affecting the VA of the study eye.
One eye was selected and treated as the study eye. If both eyes were eligible, the eye with the better VA at screening was selected for treatment, unless the patient preferred otherwise.
Questionnaires
To assess the PROMs in patients treated with dexamethasone intravitreal implant for refractory DME, as part of the OZDRY study, 16 the following questionnaires were administered at screening and at the exit visit (month 12), prior to any intervention/treatment that may affect the patients' response. Higher scores in these questionnaires at the exit visit compared to those at screening indicated better quality of life (QoL) and increased satisfaction. 
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Quality of life and treatment satisfaction after Ozurdex for DMe vision-dependent subscales: general vision (GV), ocular pain (OP), near activities (NA), distance activities (DA), visionspecific social functioning (VSSF), vision-specific mental health (VSMH), vision-specific role difficulties (VSRD), vision-specific dependency (VSD), driving (D), color vision (CV) and peripheral vision (PV) as well as one general health (GH) subscale. The original response of each item is coded as per the NEI VFQ-25 scoring system, ranging from 0 to 100. A score of 0 indicates the worst possible score, and a score of 100 indicates the best possible score. The subscales were recoded and scored, as appropriate. 17, 18 retDQol RetDQoL is a questionnaire designed to measure individualized QoL in people with DR. It consists of two overview items and 26 domain-specific items. For the overview item I (present QoL), participants are asked to complete the statement "In general, my present quality of life is:" using a 7-point scale from "excellent," scored as 3, through "neither good nor bad," scored as 0, to "extremely bad," scored as -3. For the overview item II (retinopathy-specific QoL), participants are asked how QoL is affected by diabetic eye problems: "If I did not have diabetic eye problems, my quality of life would be:" with the response options: "very much better" (scored -3), "much better" (scored -2), "better" (scored -1), "the same" (scored 0) and "worse" (scored 1).
For the domain-specific items, the participant indicates whether items are applicable or not to them, and for the applicable ones, they rate the impact of diabetic eye problems on each aspect of life (first part) and then the importance of each aspect of life to the individual's QoL (second part). The impact items range from "very much better" (scored -3), "much better" (scored -2), "little better" (scored -1), "same" (scored 0) and "worse" (scored 1). The importance ratings range from "very important" (scored 3), "important" (scored 2), "somewhat important" (scored 1) and "not at all important" (scored 0). The impact and importance ratings for each applicable item are then multiplied to obtain a weighted impact score with a range from -9 to 3. A more negative weight impact score indicates a more negative impact of DR on QoL; a positive weight impact score would indicate a positive impact of DR on QoL. A total score, the average weight impact (AWI) score, can be obtained by summing the weighted impact scores of all applicable domain-specific items and dividing the result by the number of applicable domains. In our study, the RetDQoL options were numbered starting from 1 for convenience of administration and converted to the respective scores for analysis.
The RetDQoL finishes with an open-ended question that asks whether diabetic eye problems affect QoL in any way not already covered by the questionnaire. 19 retTsQ This questionnaire consists of 13 questions asking participants to rate various aspects of treatment on a scale of 0-6, with 0 being least favorable to 6 being highly favorable, generating a range of possible total scores from 0 to 78. The last item is a free text option, which asks about any other aspects not covered in the previous 13 questions. The RetTSQ provides two subscale scores: seven subscales providing positive aspects (range 0-42) that include items 1, 2, 8, 9, 11, 12 and 13 and six subscales with negative aspects (range 0-36) that include items 3, 4, 5, 6, 7 and 10. Higher scores for the total scale and the subscales represent increased satisfaction with treatment. The various subscales and the scoring are shown in Table 1 
Results
A total of 100 patients with refractory DME were enrolled into the study, of whom 95 patients who had completed the questionnaires at baseline and the exit visit were included in the analysis. Of note, there were no missing data, as all PROMs' questionnaires were completed at both baseline and the exit visit. Table 2 lists the changes in scores of the RetDQoL, NEI VFQ-25 and RetTSQ at the exit visit compared to those at baseline in the whole population and in the two arms separately.
Qol results
The RetDQoL score at baseline was -3.07±2.43 and did not differ significantly compared to the score at month 12. The analysis showed a negative change score for the overall population (-3.01±2.37) and for both arms (-2.95±2.13 and -3.16±2.62 for the fixed arm and PRN arm, respectively, P=0.794), implying that the QoL did not show any improvement for these patients following dexamethasone intravitreal implant therapy. Moreover, domain-specific analysis also did not show any significant change in all domains between the two groups, as shown in Table 3 .
The mean NEI VFQ-25 composite score at baseline for the whole study sample was 74.1±19.9 and did not differ significantly compared to the score at month 12 (77.2±18.7). There was a borderline difference in the NEI VFQ-25 composite score change at the exit visit compared to that at baseline between patients who were treated in the fixed arm versus PRN arm (6.68±14.7 vs 0.09±13.0 for the fixed arm and PRN arm, respectively, P=0.056), as shown in Table 2 . Sub-scale analysis between arms showed a statistically significant change for the "DA" (9.28±19.2 vs -2.17±18.3 for the fixed arm and PRN arm, respectively, P=0.008) and "color vision" (7.81±25.9 vs -0.53±11.0 for the fixed arm and PRN arm, respectively, P=0.045). None of the other subscale scores showed any significance, as shown in Table 4 . However, when a subscale analysis was carried out for the score change following dexamethasone intravitreal implant therapy, between the "better seeing eye" (BSE) and "worse seeing eye" (WSE) as the study eye, the "GV" subscale (-5.71±18.0 vs 3.89±16.7 for BSE and WSE, respectively, P=0.036) and the "OP" subscale (-12.5±21.7 vs 1.94±18.3 for BSE and WSE, respectively, P=0.007) showed statistically significant change. This implies that patients with the WSE eye showed better improvement and were more satisfied.
The total mean RetTSQ score at baseline was 59.08±11.20 and increased significantly to 63.13±12.25 at the exit visit (P=0.01). There was no statistically significant difference in 
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ramu et al the change of overall RetTSQ score or in each question score between the two treatment arms, as shown in Table 5 . The analysis between the BSE and WSE was done for 93 patients, as two patients had similar vision in both eyes at baseline. Although there was a marginal difference in the total and subscale scores between the BSE and WSE at baseline, the mean was almost identical at exit. The BCVA correlated positively with NEI VFQ-25 at baseline (Spearman's rho =+0.252, P=0.014) and at the exit visit (Spearman's rho =+0.319, P=0.004) . The NEI VFQ-25 score correlated with the RetDQoL score at baseline (Spearman's rho =+0.648, P,0.001) and at the exit visit (Spearman's rho =+0.585, P,0.001). BCVA and macular thickness did not correlate with RetDQoL at any time point.
Logistic regression analysis for factors predicting RetTSQ showed that VA of $55 letters, CST ,300 μm and macular volume ,9.2 mm 3 at the exit visit predicted a higher change in RetTSQ (Table 6 ). It is worthy to note that baseline VA and CST were not found to affect the RetTSQ change.
Discussion
Various treatment options are approved for the treatment of DME in the National Health Service (NHS) in the UK. 5, 6, 11, 21, 22 Treatment satisfaction with dexamethasone intravitreal implant has not been formally assessed for this condition. The RetDQoL is the only available validated disease-specific treatment satisfaction questionnaire for DR, 19 while RetTSQ is a questionnaire specific for retinopathy treatment satisfaction. 20 In addition, the NEI VFQ-25 is the most commonly used questionnaire to assess the visionrelated QoL. 17, 18 To our knowledge, this is the first study to use RetTSQ, RetDQoL and NEI VFQ-25 for treatment satisfaction of DME in patients using dexamethasone intravitreal implant.
Our study showed a statistically significant treatment satisfaction with a mean of ~3 dexamethasone intravitreal implant injections over a year for eyes with persistent DME following previous treatment, including macular laser, intravitreal triamcinolone and anti-VEGF agents. 23, 24 The study highlights treatment satisfaction despite no significant mean change in vision or QoL as measured using NEI VFQ-25 and RetDQoL at the end of 12 months. In addition, patients with WSE presented better improvement in NEI VFQ-25, suggesting that patients with the WSE showed better improvement and were more satisfied. Milne et al 25 in a comprehensive review of the literature reported that health-related QoL was improved following interventions for DR, while Okamoto et al 26 have found that the improvement may be temporary and did not maintain 3 months after treatment. In our study, there was no significant change in health-related QoL either. These discrepancies between studies could be attributed to the different populations, as well as to the small sample size in some studies, leading to lack of power.
An interesting point that should be taken into account, when interpreting the data of health-related QoL outcomes, is that there could be a difference between the statistically significant and the clinically meaningful results. In fact, whether a statistically significant difference could be found or not, a clinically meaningful change may be defined at different points. In addition, a statistical significance is usually determined by the sample size, while clinical interpretation may be totally different. Suñer et al 27 have reported that in patients with neovascular age-related macular degeneration, VFQ-25 was a sensitive measure of vision-related function and that a change of 4-6 points could represent a clinically meaningful 
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Quality of life and treatment satisfaction after Ozurdex for DMe change. In our study, the mean VFQ-25 composite score was 74.1±19.9 at baseline and 77.2±18.7 at month 12 for the whole study sample, showing no statistically significant difference and no clinically meaningful change between baseline and the exit visit. Regarding the RetTSQ score, it should be noted that the clinically meaningful change could not be assessed accurately, since no thresholds for clinically meaningful change currently exist for the RetTSQ. It is worthy to note that the treatment satisfaction was dependent on final VA, macular thickness and macular volume, while baseline VA and macular thickness were not found to affect the RetTSQ change. Therefore, patients' perceived satisfaction was based on their final VA status rather than the gain in vision. This is an important point to note when evaluating the quality of service provision of intravitreal services, since audits of visual outcomes are usually based around the mean change in VA from baseline. This study showed that this standard does not correspond to treatment satisfaction perceived by patients, as patients' satisfaction is governed by the final VA. As a result, new standards of visual outcome might reflect proportions of patients who have the final visual outcome of $55 ETDRS letters, as shown in our study.
The study did not show any difference in treatment satisfaction between arms despite better NEI VFQ-25 score in the fixed-arm dosing group. This may be due to the injection frequency, which was almost identical in both arms despite the regimen chosen. Further studies on patient satisfaction when treated in a routine outpatient clinical setting are required to evaluate whether these changes are mirrored in real-life settings.
Intravitreal dexamethasone implant has lesser frequency of administration as compared to anti-VEGF agents for a given span of time. However, dexamethasone intravitreal implant, not without complications, has increased frequency of raised IOP and progression of cataract compared with anti-VEGF agents. 11, 15, 28, 29 Therefore, the treatment satisfaction noted with dexamethasone intravitreal implant in this study should not be generalized to patients receiving repeated anti-VEGF agents. Similarly, the study results should not be assumed to reflect the satisfaction with fluocinolone implant for DME. Further studies on treatment satisfaction and QoL should be performed with each of these agents and treatment regimens.
A potential limitation of this study was the relatively small sample size. In fact, this study is a supplementary study to the previously published clinical data, comparing fixed and PRN treatment regimens in patients with DME treated with intravitreal dexamethasone implant. Therefore, it should be noted that the sample size may be not sufficient to detect change in PROMs.
Conclusion
This study showed that there is a statistically significant improvement in treatment satisfaction, as measured by RetTSQ, which increased from 59.08±11.20 at baseline to 63.13±12.25 at month 12, in patients with DME treated with dexamethasone intravitreal implant, independent of the dose regimen, namely, fixed or PRN. However, there was no significant change in health-related QoL, as measured using NEI VFQ-25 and RetDQoL. Nevertheless, it should be noted that there may be a discrepancy between statistically significant and clinically meaningful change, when interpreting health-related QoL questionnaires, which may be due to the variation in populations and the lack of power in some studies. In our study, factors affecting the patients' treatment satisfaction were the final VA, the CST and the macular volume. Therefore, it is useful to measure PROMs in treatment trials, since they give us a direct measure of how the VA gains from therapy translate into the patients' experience in everyday life.
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